Suppression of soluble adenylyl cyclase protects smooth muscle cells against oxidative stress-induced apoptosis.
Apoptosis of vascular smooth muscle cells (VSMC) significantly contributes to the instability of advanced atherosclerotic plaques. Oxygen radicals are an important cause for VSMC death. However, the precise mechanism of oxidative stress-induced VSMC apoptosis is still poorly understood. Here, we aimed to analyse the role of soluble adenylyl cylclase (sAC). VSMC derived from rat aorta were treated with either H2O2 (300 µmol/L) or DMNQ (30 µmol/L) for 6 h. Oxidative stress-induced apoptosis was prevented either by treatment with 30 µmol/L KH7 (a specific inhibitor of sAC) or by stable sAC-knockdown (shRNA-transfection). A similar effect was found after inhibition of protein kinase A (PKA). Suppression of the sAC/PKA-axis led to a significant increase in phosphorylation of the p38 mitogen-activated protein kinase under oxidative stress accompanied by a p38-dependent phosphorylation/inactivation of the pro-apoptotic Bcl-2-family protein Bad. Pharmacological inhibition of p38 reversed these effects of sAC knockdown on apoptosis and Bad phosphorylation, suggesting p38 as a link between sAC and apoptosis. Analysis of the protein phosphatases 1 and 2A activities revealed an activation of phosphatase 1, but not phosphatase 2A, under oxidative stress in a sAC/PKA-dependent manner and its role in controlling the p38 phosphorylation. Inhibition of protein phosphatase 1, but not 2A, prevented the pro-apoptotic effect of oxidative stress. In conclusion, sAC/PKA-signaling plays a key role in the oxidative stress-induced apoptosis of VSMC. The cellular mechanism consists of the sAC-promoted and protein phosphatase 1-mediated suppression of p38 phosphorylation resulting to activation of the mitochondrial pathway of apoptosis.